smokers would show elevated concentrations of the trace metal compared with non-smokers. Since cadmium is excreted to a limited extent through the liver and kidney (Webb, 1975) it is also logical to expect that patients with some malfunction of either of these organs might show altered cadmium metabolism.
The present study was therefore undertaken to investigate the blood cadmium concentrations of both untreated and treated hypertensive patients, together with a group of patients with a history of renal malfunction; all of these patients had been well documented with respect to their clinical histories and smoking habits.
Cadmium estimation in blood by electrothermal atomic absorption is difficult to execute because of its low concentration and high volatility. Cadmium is found mainly in the red blood cells (Webb, 1975) . although varying concentrations of the trace metal in serum, eg, 4·44 nmol/l (PetitClerc et al., 1977) , and plasma, eg, 16·9 nmol/l (Thind and Fischer, 1976) , have been reported. For these reasons a chelation-organic solvent extraction method has been developed for whole blood, which enhances sensitivity and reproducibility. Biochemistry, 1978, 15, 197-200 Significance of blood cadmium concentrations in patients with renal disorders or essential hypertension and the normal population ROBERTA 1. WARDl, MONICA FISHER2, AND MARl SOL TELLEZ-YUDILEVICH2
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From the Divisions 0/ Clinical Northwick Park Hospital and Clinical Research Centre, Harrow, Middlesex HAl 3UJ SUMMARY Cadmium concentrations in whole blood have been determined in normal control subjects, in patients with untreated essential hypertension or with treated essential hypertension, and in those with acute or chronic renal disorders. High cadmium concentrations were not found in the patients with untreated essential hypertension. Most tobacco smokers were found to have high blood cadmium concentrations. When the mean cadmium concentrations from each group of patients were compared with those of the control subjects no significant differences were found. When the four groups were divided into smokers and non-smokers, however, a significantly higher mean value was found fer the non-smoking renal patients in comparison with the non-smoking normal subjects. The marked increases in blood cadmium concentration in the patients with renal disorders may be attributed to impaired excretion.
Recent interest in the role of the trace metal, cadmium, has been aroused by the study of Glauser et al. (1976) , who found elevated concentrations of blood cadmium in hypertensive patients. In animal experiments, it has been shown (Schroeder, 1967) that ingestion of small amounts of cadmium salts causes hypertension, the cadmium accumulating principally in the kidneys and liver. Gross long-term ingestion by humans of food which had become contaminated with cadmium, as in the Japanese cadmium mine ore incident (Emmerson, 1970) , is also associated with an increased occurrence of hypertension. Hypertension was not reported in a group of workers industrially exposed to cadmium (Cernik and Sayers, 1975) . Several studies of the concentration of cadmium in whole blood or plasma of normal and hypertensive populations have since been conducted, some of which confirmed Glauser's observation (Thind and Fischer, 1976) , while other studies (Beevers et al., 1976) found no elevated concentration of the trace metal in hypertensive patients.
In many of these studies. however, the patients were not well documented; many of the hypertensive patients were undergoing drug therapy or other treatment and their smoking habits had not been considered. Cigarette smoking significantly increases Patients and methods the normal body burden of cadmium in man (Piscator et al., 1976) , and it might be expected that Fifty-five patients, male and female, referred con-197
Roberta J. Ward, Monica Fisher, and Marisol Tellez-Yudilevick secutively to the Radioisotopes Department for 131I-'Hippuran' renograms, were categorised into three groups according to their final diagnosis:
(1) untreated essential hypertensives; (2) treated essential hypertensives; (3) renal malfunctions, which in most cases had been treated surgically. (The World Health Organization's criterion of the diastolic pressure being greater than 100 mmHg was used to classify patients as being hypertensive.) An additional index of kidney function (Reeve and Crawley, 1974; Tauxe et al., 1971) was made in the patient groups by performing an effective renal plasma flow measurement (ERPF) during the renogram, for which purpose a blood sample was taken. A small portion of this specimen, with EDTA anticoagulant, was set aside for cadmium analysis. An EDTA specimen of blood was also obtained from 23 healthy men and women, who were studied as controls for the cadmium analysis. Information on age, blood pressure, and smoking habits (that is, the amount of cigarettes/pipe/cigars smoked per day) of the patients and the normal subjects was documented.
For cadmium analysis, all glassware was thoroughly cleaned, washed with acid, and rinsed well with deionised water. Duplicate 5()()..1l.I samples of whole blood were pipetted into two glass tubes; 1 ml of a solution containing 1 % Triton X-l00 and 2 % ammonium pyrrolidine dithiocarbamate was added to lyse the blood cells and chelate the cadmium. After gentle shaking, 1 ml water-saturated isobutyl methyl ketone was added, and the tubes were turned for 15 minutes on a rotary mixer and then centrifuged for 10 minutes at 400 g. Twenty JLI of the organic layer was pipetted into a pyrolitically-coated graphite cup, and cadmium concentrations were determined electrothermally (Varian CRA 63, Melbourne, Australia, mounted on an Instrumentation Laboratory 453 atomic absorption spectrophotometer, Lexington, Mass, USA). Four standard solutions were prepared by adding cadmium nitrate to a whole blood pool (with final concentrations in the range 9'0-67 nmol/l), and the precision of the method was ascertained by including a previously analysed blood specimen in each analytical run.
In order to compare the performance of the chelation-extraction technique with established methods, selected blood samples, which spanned the concentration range, were also analysed by the Delves (1977) cup method and by a punched paper disc technique (Cernik and Sayers, 1975) .
Results
The standard deviation of the differences between duplicate samples, which had been analysed in successive runs, was 4·5 nrnol/l (n = 6, x = 27 nmol/l), On comparing the results obtained by the present method with those of the punched paper disc method and the Delves cup technique, the correlation coefficients were r = 0·70 (n = 9, x = 28 nmol/l) and r = 0·89 (n = 5, x = 31 nrnol/l), respectively.
Within the patient and control populations there were 45 male subjects and 33 female subjects with mean whole blood cadmium concentrations of 28 nmol/l and 28 nrnol/l, respectively. Table I shows the distribution of smokers and non-smokers by sex and age groups. A highly statistically significant difference in mean cadmium concentration (p < 0'(01) was found between smokers (x = 40 nrnol/l) and non-smokers (x = 19 nmol/l), Neither age nor the amount of tobacco smoked correlated with the blood cadmium concentration. The mean whole blood cadmium concentrations for each of the four groups are shown in Table 2 . Allowing for the different numbers in each group, no significant differences in mean whole blood cadmium concentrations were evident between the four groups.
Because of the strong effect of smoking upon the blood cadmium concentrations, the four groups were further divided into smokers and non-smokers (Table 3 ). As some of the distributions within the groups appeared skewed, and one individual had a particularly high blood cadmium concentration (115 nmol/\) for no apparent reason, the statistical analysis was further performed using a logarithmic transformation. When each non-smoking patient group was compared in turn with the non-smoking group of the normal population, a significantly elevated cadmium concentration was found in the non-smoking renal disorder group (p < 0,01). Of the entire renal group, 67 % showed abnormal renograms and 34 %showed reduced ERPF measurements. However, there was no obvious relationship between the concentrations of cadmium and reduced ERPF or renogram abnormalities. The non-smoking 1'8-78
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One patient had an abnormally high blood cadmium concentration of II~nmol/!. treated hypertensive group exhibited a higher mean blood cadmium concentration but did not show a statistically significant difference from the normal non-smoking population. No significant differences in mean blood cadmium concentrations were found between the non-smoking untreated hypertensives and the normal non-smoking population, or between any of the four smoking groups.
Discussion
The mean cadmium concentration for our normal population was 22 nmol/l, which is comparable with other mean concentrations that have been reported in the literature, for example, 36 nmol/l (Cernik and Sayers, 1975) and 12 nmolfl (Ulander and Axelson, 1974) . The problem of accuracy in the analysis of trace metals has been discussed in the literature (Brown, 1977) ; moreover, no commercial quality control specimens are available for whole blood cadmium estimations. However the precision of the present method, as determined by including a previously analysed sample in each analytical run, was good; in terms of relative accuracy, good comparability was found with established methods. Beevers et al. (1976) and Ulander and Axelson (1974) reported a significant difference between the whole blood concentration of smokers and nonsmokers, which is confirmed in this communication; however, PetitClerc et al. (1977) observed no differences in the serum cadmium concentration of these two groups. It is noteworthy that in the normal group of the present study three subjects, who had ceased to smoke one month before the measurements, had blood cadmium concentrations similar to those of the other non-smokers. The observation (Ulander and Axelson, 1974 ) that smokers in the age group 20-40 years had higher blood cadmium concentrations than older smokers was not substantiated in this study, no statistical differences being found between any of the age groups.
Our observation that non-smoking patients with renal disorders had higher blood cadmium concentrations than non-smoking controls is noteworthy. Although no significant difference was observed in the smoking patients with renal disorders, it may well be that an increase in cadmium concentration is masked by their smoking habits. High concentrations of circulating aluminium have also been reported in renal dialysis patients by Parsons et al. (1971) , the aluminium having been stored in bone during therapy and then slowly released. In our renal disorder group, the persisting high blood concentration of cadmium, even as long as two years after surgery, could possibly be explained by a slow release of cadmium which had previously accumulated in the bones or other tissues.
Surprisingly little is known about the quantitative aspects of cadmium mobilisation and excretion in man (Webb, 1975) , and further studies of the blood cadmium concentrations in renal patients are required to assess whether the finding of an elevated concentration is of any diagnostic or prognostic value.
The relationship between raised blood cadmium concentration and untreated hypertension, as reported by Glauser et al. (1976) , was not confirmed in the present study. Furthermore, the non-smoking, treated hypertensives did not show a significantly raised blood cadmium concentration; Wester (1973) , working with hypertensive patients, also reported no difference in cadmium concentrations before and after treatment. The effect of tobacco smoking upon the blood cadmium concentration is, however, dramatic and may well mask the normal metabolism of cadmium in the human body.
